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PREFACE

The purpose of the study described in this
report was two-fold: (1) theunderlying considera-
tion was methodology, with emphasis on model
building and on experience to be gained inthe use
of computer simulation techniques employed in
analysis of health statistics; and (2) the immedi-
ate target was a better understanding of the im-
pact of certain measurement deficiencies present
in health interview surveys.

The specific problems studied are set forth
in sections I and Il of the report. The subject
matter is hospital discharges, and more espe-
cially the discrepancies between the number of
discharges as reported by household respondents
to interview and those that actually occur. The
Health Interview Survey of the National Center
for Health Statistics in its household inquiry in-
cludes questions asking for the number andchar-
acteristics of hospital discharges experienced by
household members in the year prior to inter-
view, There are many reasons for discrepancy
between the reported number of discharges and
the true number, Two of these causes have been
given particular attention. One is that hospital
experience during the reference period for per-
sons not living at the time of interview is not
reported in a survey of living persons. This de-
ficiency is relatively more important the longer
the reference period, A second principal cause of
discrepancy between reported and true dataisthe
response error in the report for a living person,
Empirical data and theory have indicated that this
error, too, increases with length of reference
period,

The interaction of these factors and their
impact on reported data have been explored pre-
viously in a variety of ways, using record-check
techniques, internal analysis of reported data,
and hypothetical models. This research has con-

tributed substantially to better knowledge of the
subject but has left several questions unanswered.
It seemed likely that understanding would be
further promoted, and especially that better
judgments could be made of the effect of changes
in interview procedure, if the process were to be
studied through a technique for simulating on a
computer the hospital experience of a model pop-
ulation of individual persons, and subsequently
simulating interviews of this population. Such an
undertaking might have particular merit since
the main threads of logic for thehospital problem
might have considerably wider potential applica-
tion—for example, a close analogy can be made
between periods of unemployment and hospital
episodes.

Accordingly, through a contractual arrange-
ment the present study was carried out by Re-
search Triangle Institute, Durham, N.C,, in close
cooperation with staff members of the National
Center for Health Statistics. Dr. D. G. Horvitz
of the Research Triangle Institute was the pro-
ject director and principal author of this report,
He was assisted by Dr. D. T. Searls, formerly on
the Research Triangle Institute staff, and by
Irving Drutman (deceased) of North Carolina State
University. Mr. Drutman did most of the computer
programming. Other contributors to the study
were Mr, Joseph Snavely of the North Carolina
State University Computing Center and Mr.
Francis Giesbrecht of the Research Triangle
Institute, who developed appropriate expected
values and variances for the computer-generated
discharge rates. Walt R. Simmons prepared an
initial outline of the problem, proposed the simu-
lation approach, and coordinated contributions of
the staff of the Center to the project. Wilbur M.
Sartwell of the Center staff supervised much ofthe
computer calculation.
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IN THIS REPORT a study is presented on computer micro-simulation
of discharges from shori-stay hospitals, and on the associated measure-
ment errors that occur in household interview suvveys, as set forth in
the preface. A synthetic universe of 10,000 persons was established with
demographic characteristics similar to those of the U.S. civilian, non-
institutional population. On the basis of earliey theoretical work and em-
birical record-check studies, this universe was subjected to a series of
stochastic operations to simulate hospital experience, and the veporting
of that expervience in household interviews.

Each individual pevson was moved from one state to another—e.g., from
not-in~a~hospital to in-a-hospital, or from in-a-hospital to discharged-
alive—by avandom process with probabilities which varied by such fac-
tors as age, sex, distance from death, numbeyr of days alveady in the
hospital, and a general health index. Thus it was possible to count the
simulated hospital dischavges ovey a 12-monith period, and to tabulate
them in a variety of ways.

At monthly intervals the living pevsons in the synthetic population then
were "interviewed' by the computeyr and reported their hospital experi-
ence ovey the previous year. Two sets of simulated intevview data were
tabulated. In one, respondents reported without ervor. Foy this set, com-
barisonwith total experience rveflected the impact on discharge statistics
of the missing data for persons not living at the time of interview. In
the other, response was conditioned by probabilities of reporting cor-
rectly, which varied by distance between interview and discharge, length
of stay, reason for hospitalization, and other less significant factors.
Comparison of this latter set of data with total experience gives a mech-
anism for studying a wide range of problems found in the interview data.

Throughout the study, emphasis was placed on the development and use
of a flexible method of analysis. The veport is not an evaluation of the
reporting of hospital discharges in the Heallh Interview Survey.

SYMBOLS

Data not available-wwcecmcmmcn e _—
Category not applicable~-eecooaoame e

QuUantity ZerOmmeemem e e -
Quantity more than O but less than 0.05----- 0.0

Figure does not meet standards of
reliability or precision~=--=-mecmcaecmanx *




COMPUTER SIMULATION OF
HOSPITAL DISCHARGES

l. INTRODUCTION

The Health Interview Survey of the National
Center for Health Statistics provides estimates of
the number of discharges from hospitals on an
annual basis for the living, civilian, noninstitu-
tional population. The data are gathered in a
household interview survey by means of personal
interviews conducted each week, during a 52-
week period, inarea probability samples of house-
holds throughout the United States. The informa-
~ tion on discharges (along with hospital utiliza-
' tion) is obtained for each resident in the sample
houscholds for a reference period of 12 months
prior to the week of interview,

There are some readily recognized factors
in the survey procedure which cause the number
of discharges reported by the respondents to dif-
fer from the actual number which occurred in
hospitals during the reference year. One impor-
tant factor is the failure of the respondents to
report correctly each hospital episode during the
reference year. A second factor is thatthe survey
covers only persons living on the date of inter-
view, The hospital experience of persons who
died in the year prior tointerview is not included.

If the difference between reported discharges
and all discharges taking place during the ref-
erence year is examined on a weekly or monthly
basis, a definite decreasing trend or decay, mov-
ing backward in time from the date of interview,
of the number of discharges reported by the re-
spondents in the Health Interview Survey is ob-
served. Explanations for this decay curveinclude
the following factors.

1. Response errors.—Underreporting can be
expected to increase with increasing length ofthe
recall period. In other words, recent discharges
are more likely to be recalled and reported ac-

curately than discharges which occurred earlier
in the reference year.

2. Peysons in theiv last year of life.—A
study of hospital utilization in the last year of
life reports that the 'daily discharge rate per
1,000 deaths increases gradually from less than
1 during the twelfth month before death to about
3 on the day before death.”! The Health Inter-
view Survey obtains information from persons
who will die inthe year following the date of inter-
view, The discharges for these persons for the
reference year are more frequent for the period
immediately prior to the date of interview than
for earlier periods in the reference year, thus
contributing to the observed decay curve,

3. Population growth. —Only living persons
residing in the sample households on the date of
the interview are eligible for the survey. The
size of this population is probably at least 1.5
percent smaller 12 months prior to the date of
interview, since during this period there are
births and other additions to the household pop-
ulation such as returnees from mental and penal
institutions. During this same period, losses in
the household population occur, but these are not
recorded since they involve persons who died or
were institutionalized,

4. Hospital discharge trend.— Aportionofthe
observed trend may be a legitimate consequence
of natural phenomena related to the hospitaliza-
tion needs of the population. If there is an in-
creasing trend in hospital admission rates, then

‘the same trend will be present in the discharge

rates., Such a trend is not expected to be very

great during a period as short as 1 year.
Response errors in reported hospital dis-

charges have been studied by the Survey Research



Center, University of Michigan, in cooperation
with the Bureau of the Census and the National
Center for Health Statistics. The first study
employed a sample of individuals with known
hospitalization records.? These persons were
interviewed concerning their hospital experience,
and the results were compared with the records
obtained from hospitals., The comparisons con-
firmed that underreporting of hospitalization in-
creases with length of recall period. For dis-
charges occurring near the beginning of the 12-
month period prior to interview such underreport-
ing was particularly serious., The study estimated
underreporting of hospital episodes for the ref-
erence year to be 10 percent,

A second study compared three survey pro-
cedures for obtaining hospital episode data, in-
cluding the Health Interview Survey procedure
which was used as the standard.? Reporting ac-
curacy was found to be significantly improved by
using a revised interview schedule with a mail
followup to obtain information concerning hos-
pital stays that had been overlooked in the inter-
view.

With respect to decedents during the ref-
erence year, the Division of Vital Statistics of
the Center conducted a study of hospitalizations
during the last year of life from the records of a
sample of deaths in the Middle Atlantic States,
i.e., New York, New Jersey, and Pennsylvania.l
The study estimated that the hospital discharges
reported in the Health Interview Survey for the
Middle Atlantic States needed to be adjusted up-
ward by approximately 8 percent to include the
experience of decedents. A similar study on a
national scale is now nearing completion,

The Health Interview Survey collects data
from a new sample of households each week.*
It is therefore possible to compare the hospital
discharges reported for a particular calendar
period by two or more of these weekly samples,
For example, consider the number of hospital
discharges reported for the month prior tointer-
view of each weekly sample and compare this
with the number of hospital discharges reported
for the same month by each sample interviewed
4 weeks later, The average discrepancy for the
paired weekly samples represents an estimate of
the combined effects of mortality and response
errors for the second month prior to interview,

Such factors as population growth or hospitaliza-
tion trends are not included in the observed dif-
ference.

Analyses of this type have been carried out
with Health Interview Survey data to estimate the
relationship between underreporting (including
mortality and response errors) and the time in-
terval between discharge and date of interview.
Simmons and Bryant derived adjustment factors
based on these internal amalyses by which hos-
pital discharges reported in the Health Interview
Survey need to be inflated according to the dis-
tance between discharge and interview toproduce
an estimate of total hospital discharges, including
discharges for persons dying during the reference
year.® Although so extensive an adjustment pro-
cedure has not been adopted, publication of hos~
pital discharges reported in the Health Interview
Survey is now based on data for the most recent
6 months of the reference year. The 12-month-
reference period is retained in the interview,

While research has resulted in greater un-
derstanding and knowledge of the role played by
various factors affecting observeddiscrepancies,
this understanding and knowledge is still insuffi-
cient for specificationofa completely satisfactory
procedure of data collection and estimation. Part
of this difficulty might be explained by the fact
that the major studies of response error and mor-
tality factors have been carried out independently,
An ideal research design might conduct a pro-
spective study on a large population sample for 1
year, observe (independently) the actual hospitali~
zation experience of this sample, and interview
those persons living at the end of the year. The
required data for a fuller understanding would
probably result from such a study. However, this

- is not considered a feasible research project; it

might be impossible to carry itout satisfactorily,

An alternative research approach istosimu-
late this prospective study on a computer. This
implies specifying a population to be followed over
time, with the initial state of each individual knowr.,
such as age, whether or not in a hospital, and if
so, the number of days the individual has already
spent in a hospital. It also requires the specifica-
tion of the transition probabilities for each pair
of possible states for each time period (such as
a week), including mortality. The division of the
population into the various states for each time



period is then generated successively by means of
the transition probabilities, In this way the hos-
pital discharges can be counted for each time
period, including those of individuals discharged
dead as well as those of individuals who die in
subsequent time periods.

The household interview among living persons
in the generated population at the end of 1 year
can also be simulated, This simulation uses a

probability function relating failure to reporthos-
pital episodes to the number of weeks between
discharge and interview, The simulated interview
data can then be compared with the generated hos-
pital discharge data andthe distribution of the dis-
crepancy among the contributing factors deter-
mined for each time period,

The computer simulation approach was used
in this project,

Il. PROJECT OBJECTIVES

The major purpose of this project was to
develop a research tool for comparison of alter-
native hospital episode interview survey proce-
dures, It was expected that the computer simula-
tion approach could lead to relatively inexpensive
evaluation of the effects of alternative procedures
and eventually to more- efficient and accurate pro-
cedures for the continuous collection and estima-
tion of hospital discharge statistics.

Specific objectives of the project were:

1. To develop probability models for gener-

ating (a) hospital admissions and durations
of stay for a given population, and (b) in-
terview data on hospital episodes as col-
lected in the Health Interview Survey.

2. To determine suitable parameter inputs
for the models from existing data.

3. To program an IBM 1410 computer for
experimental simulation under the mod-
els.

4. To estimate, through computer simula-
tions, the specific effects of the various
factors related tothe discrepancy between
hospital discharges reported in the inter-
view survey and all discharges.

5. To suggest, on the basis of the research
results, a method for continuous collec-
tion and adjustment of hospital discharge
data,

lIl. PROCEDURES

SUMMARY

The initial phase of this project was concerned
primarily with developing a probability model for
generating hospital episodes for individuals on a
computer. The model adopted assumes that each
individual in the population of interest has a par-
ticular probability of being hospitalized each week.
It further assumes that this weekly hospital ad-
mission probability remains constant for a given
individual over the time period of interest (pro-
vided he is not in his last year of life), but varies
from individual to individual. Based on empirical
studies of data available from the Health Inter-
view Survey and on theoretical considerations, it
was determined that the generalized gamma dis-

tribution provides a suitable and consistent model
for the distribution of the weekly admission prob-
abilities over the population. Once an individual
is hospitalized, the model provides for discharge
from the hospital on a daily probability basis
with the chance of discharge conditional on the
number of days already hospitalized. The log-
normal distribution was adopted as the duration-
of-stay model, following empirical analysis of
length-of-stay data available from the Health In-
terview Survey,

A computer program was developed in the
second phase of this project to generate hospital-
ization histories for each individual in a model
U.S. population. The weekly admission probabil-
ities and daily discharge probabilities employed



in the computer program were estimated for in-
dividuals in each of 12 age-sex groups consistent
with the hospital episodes model developed in the
first phase. In brief, the computer program gen-
erates uniform random numbers to compare with
the appropriate weekly hospital admission prob-
ability for an individual during each week thatthe
individual is not hospitalized. When an individual
is hospitalized by the computer, it then generates
uniform random numbers to compare with the ap-
propriate daily discharge probabilities until the
individual is discharged. The computer records
the day of admission and day of discharge for
each hospital episode generated,

This basic computer program, with some
modifications, was carried out for an initial pop-
ulation of 10,000 individuals, distributed by age
and sex to represent the U.S, civilian, noninstitu-
tional population, for a period of 108 weeks or
756 days. The modifications included introducing
births and deaths in order to give a dynamic di-
mension to the population and using a separate
set of daily hospital admission probabilities for
individuals in their last year of life. These latter
probabilities increased gradually as the day of
death approached, Except for deliveries, reasons
for hospitalization were not assigned in the com-
puter simulation program. The computer deter-
mined on a random basis those deliveries which
were to occur in a hospital.,

In the third phase of the project a relatively
simple model was devised to simulate the re-
sponses obtained in household interviews for in-
dividuals experiencing one or more hospital epi-
sodes in the year prior to interview, For each
hospital episode, the model simulates on a prob-
ability basis failure to report the episode, reported
length of stay (if the episode is reported), and re-
ported month of discharge. The model treats re-
porting of each hospital episode as a random event
dependent on length of the recall period and length
of hospital stay for the episode. The distribution
of errors in reported length of stay is approxi-
mated in the model by a normal or Gaussian dis-
tribution, Response errors in the reported month
of discharge are simulated in the model by first
approximating errors in the reported date of ad-
mission by a normal distribution. The reported
length of stay is then added to the reported date

of admission to obtain the reported discharge
date,

A computer program to generate interview
results consistent with the interview simulation
model was developed in the fourth phase of the
project., The input data for this program con-
sisted of the 108 weeks of hospital episode data
generated by the first computer program together
with parameter values for the interview simula-
tion model. Estimates of the necessary param-
eters were based on evidence from exploratory
work which had been done in the National Center
for Health Statistics and especially on theresults
obtained in the previously mentioned response
error study conducted by the Survey Research
Center, University of Michigan, This interview
simulation computer program was run for 13
separate interview dates 4 weeks apart beginning
with week 60 of the 108-week period for which
hospital episode data had been generated. The
results were tabulated in three separate cate-
gories by the computer for each interview date,
These results included number of discharges and
number of hospital days, by sex, age, and each of
13 four-week periods prior to the interview date,
The three tabulation categories were "interview
reported" results for persons alive on the date of
interview, which include simulated interview re-
porting errors; ''perfect interview" results for
persons alive onthedateof interview, which sim-
ulate the results which would be obtained by the
household interviews if there were no response
errors of any kind; and "all discharges' which
consist of the actual results for all hospital epi-
sodes generated by the first computer program
for the year prior to the interview date for all
persons, whether alive or dead on the interview
date,

The data generated by the computer for the
13 interview dates were averaged and estimates
of annual hospital discharge rates and annual hos-
pital days per 1,000 persons by age and sex were
derived for eachof the three tabulation categories.
Using these results, both separate and combined
estimates of the effects of interview response
errors and of exclusion of persons who died dur-
ing the reference year on hospital discharge data
collected in the Health Interview Survey can be
derived.



A STOCHASTIC MODEL
FOR HOSPITAL EPISODES

Hospital Admissions Model

The model for hospital admissions was deter-
mined soon after the project was initiated, This
was primarily due to a fortunate exposure to re-
search on a mathematical model of an index of
health by Dr. Chin Long Chiang, University of
California at Berkeley.® The hospital admissions
of an individual during a time interval of length
t can be treated as random events in time, that
is, as a stochastic process. A simplified model
assumes that the probability of the individual
being hospitalized during a small time interval
dt is given by Adt, where i is a positive
constant, ® If it is further assumed that this prob-
ability Adtis independent of the number of pre-
vious hospital admissions for the individual, then
the process is a Poisson process. It follows that
the probability of exactly x admissions of the in-
dividual occurring during the time ¢ is given by

e—)\l O\t)x

o x=0,1,2,.... m

P (1) =

If the time interval ¢ is taken as 1 year (i.e.,
t=1), then the probability density function for the
number of hospitalizations annually for the indi-
vidual is Poisson, where the parameter » is the
expected number of hospital episodes during this
period,

Suppose now that the probability of being
hospitalized in a small time interval varies from
individual to individual in a population so that A
varies over the population. If the distributions of
the A's is gamma, then the distribution of the
population by number of hospital episodes yearly
is negative binomial, derived as follows.

SMore rigorously, the probability of one or more hospital
ndmixsions for anindividual in the small interval di is given
by Adt + o (d) where the term o (d#) denotes a
auantity which is of smaller order of magnitude than dt and
is tho probakility that more than cne admission occurs.

From equation (1) above, the distribution of
admissions annually for an individual with param-
eter A is

-\ x

A

f(xI\) = Lx—,—— x=01,2,.... (2

For allindividuals in the population, the distribu-
tion of A's is assumed to be a gamma distribu-
tion, i.e.,

_b_
I'(a)

Then the joint distribution of x and A is

g0 = (B)\)a'le'"m\, a>0,8>0. ?)

« e—)\(6+1))‘a+x—l. @)

FINEO) = s

The distribution of the population by number of
hospital episodes annually, thatis f (x), isfound
by integrating equation (4) with respect to .
Thus,

t’(x)=.];\ f(xiNg (N)dA

=(a+xx—l)(_l_f_ﬁ_) (ﬁ—ﬁ—) , x=0,1,2,. ... (%

which is the negative binomial distribution.

Data available from the Health Interview Sur-
vey for the period July 1958-June 1960 were used
to determine the goodness of fit of the negative
binomial distribution to the observed frequencies
of persons with 0, 1, 2, 3, and 4 or more hospital
episodes in the average year. A separate fit was
made for males and females in each ofthe follow-
ing six age groups: under 15 years, 15-24,25-34,
35-44, 45-64, and 65 years and older. Each fit
was accomplished by estimating the parameters
« and B by the method of moments, that is, from
the relations

X = /B
s?=a(1+B) /8

where X and s? are the observed mean and vari-
ance respectively, The comparisons of the ob-
served and expected frequencies for the 12 age-
sex groups were considered to be fairly good.



While a satisfactory fit of the negative binomial
distribution is not sufficient evidence to claim
the model to be valid, it does indicate that the
model provides an excellent basis for generating
hospital episodes reasonably consistent with ob-
servation,

Duration-of-Stay Model

Once an individual is hospitalized, his length
of stay depends largely on the reason for the hos-
pitalization. Each diagnosis can be considered to
generate its own length-of-stay distribution; for
example, the length-of-stay distribution for ton-
sillectomies wiil be different from that for pneu-
monia cases, Since the overall length-of-stay
distribution is a mixture of many different dis-
tributions, it is not expected that any one distribu-
tion will fit well, For purposes of computer sim-
ulation, the distribution of duration of stay ob-
served in the Health Interview Survey could have
been used, except that the data had been grouped
into fairly large intervals, particularly for the
upper tail of the distribution. A smootheddistri-
bution was preferred,

In order to obtain some insight into an ap-
propriate theoretical distribution for duration of
stay, the conditional probabilities of discharge on
a particular day, given thatthe individualhas been
hospitalized up to that day, were computed for the
July 1958-June 1960 Health Interview Survey data
for grouped periods on an average daily basis,
The rise and fall of these conditional probabil-
ities as duration of stay increased was charac-
teristic of the log-normal distribution. Accord-
ingly, this distribution was fitted to the available
duration-of-stay data separately within age and
sex groups. Since the agreement between these
expected and observed proportions was considered
satisfactory, the log-normal distribution was
adopted as the duration-of-stay model.

Computer Simulation of Hospital Episodes

The stochastic models for hospital admission
and duration of stay developed above suggest that
hospital episodes for the U.S, civilian, noninstitu-
tional population can be readily simulated om a
computer by means of a set of daily (or weekly)
transition probabilities for eachindividual. These

probabilities are assumed to remain constant over
time for an individual, at least for periods up to
2 years, but to vary from individual to individual.

On a given day, say i, an individual can be
in one of S+1 states. These states are:

7

not in hospital

H;

in hospital j days for a particular
episode, j=1,2,..., S.

For each state on day 7, transition probabilities
are specified for the two eligible states for the
individual on day :+1. Thus, for individual
in state Hon day i:

P, = the probability of being hospitalized
onday i +1
1-P, = the probability of remaining out of

the hospital on day 7 +1.
Similarly, for individual k in state H; on day i:

P, = the probability of being discharged
on day i+1 (i.e., going to state H)

1-P; = the probability of remaining in the
hospital on day /+1 (i.e., going to

state Hj4,).
In brief, then, by specification of S +1 probabil-
ities (P and Pj ., j=1,2,...,S) for individual

k, a computer can be programmed to generate a
hospitalization history for this individual during
a designated time period. If the individual is not
in the hospital initially, the computer generates
a uniform random number R, between zero and one
to compare with P. If R, < P,, individual k is
hospitalized on the first day (i.e., transferred
from state Hto state H;). The computer then
generates a second uniform random number R, to
compare with P,. If R, < Py, individual k is
discharged on the second day; otherwise individual
k remains in the hospital for a second day and a
third uniform random number R, is generated for
comparison with P, , etc,, until discharge oc-
curs. Following discharge, the next uniform ran-
dom number is again compared with P,. If the
initial random number R, > P, individual k re-
mains in state Hand R, is compared with P,
etc,, until hospitalization occurs or the designated
time period is exhausted., The computer is pro-



grammed to record the day of admission and the
day of discharge for each hospital episode gener-

ated,
The probability of hospital admission (P, )

was specified on a weekly basis rather than a
daily basis, except for individuals in their last
year of life, This change was necessary in order
to reduce computer time, If an individual was ad-
mitted to the hospital in a given week, the com-
puter assigned the specific day of the week, and
hence the day of admission, by means of a ran-
dom sequence,

The weekly admission probabilities werees-
timated by first fitting a negative binomial distri-
bution to the distribution of the population by num-
ber of hospital episodes annually, as observed in
the July 1958-June 1960 Health Interview Surveys,
for each of 12 age-sex groups. Delivery episodes
were excluded from the female age groups. The
« and B parameters estimated in the fitting proc-
ess for a particular age-sex group (table A) are
also, in accordance with the hospital admissions
model, the parameters of the gamma distribution
of A (equation 3), where  is the expected annual
number of hospital episodes for a given individual
in the group. While it would have been possible
to determine a A for each individual in a group
by sampling the appropriate gamma distribution
at random, this was not considered necessary.
Rather, each of the 12 age-sex groups was divid-
ed further into 10 equal subgroups. It was planned
initially to assign the first subgroup in each age-
sex group a value of A corresponding to the 5%

Table A.

point of the appropriate gamma distribution, the
second a A corresponding to the 15% point, and
so on to the A corresponding to the 95% point for
the 10th subgroup. Since the gamma distributions
of interest were highly skewed, the tables of the
incomplete gamma-function used to determine
these A values were lacking in some detail,” The
tables are entered for arguments uandp where

B)\/a]ﬂ

S
]

p=a—1.
However, the tables did not give values of the
argument u below the 40th percentile in all cases
of interest and below the 50th percentile in a few
cases. Thus, the first four or five subgroups in
each age-sex group were assigned M\'s corre-
sponding to the interpolated 20th percentile (or
25th percentile) values of . The average value
of the assigned A's in each age-sex group was
adjusted to the observed mean of the distribution
of hospital episodes annually by adjusting the X
corresponding to the 95% point.

The constant weekly admission probability
P, . which applied to-all individuals in a subgroup,
was obtained by dividing each assigned A by 52.
These weekly admission probabilities for the 120
subgroups are given in table B. Each newborn
individual was assigned to one of the 10 subgroups
in the "under 15 years' age group of the same
sex.

a and B parameters of the negative binomial distributions fitted to the

distribution of the population in 12 age-sex groups by number of annual hospital ep-

isodes
[See equation (5)]
Male Female
Age
a B « B
Under 15 years=-e-mmaccmsccccccmcnmcccononaao 0.3097 4,9090 0.2432 4,7083
15-24 yearsem-emesmmccccascceencccacsnneeccnan 0.2369 3.7665 0.1398 1.4480
2534 yearSeee-c-c-cmccamccmmccscscmsscnacnao~ 0.2824 4.2410 0.2290 1.7924
35~4f yearses-eeomcmcemcccecnemeeceee e 0.2834 3.6292 0.3901 3.3889
45-64 yearSeweemmemcccmnmcescscannsrcencnanana" 0.2833 2.6920 0.3622 3.2396
65+ N ) 0.3906 2,6129 0.3569 2,8701




Table B. Estimated weekly hospital admission rates per 1,000 persons nmot in their last
year of life, excluding deliveries, by age,sex, and 10 percent subgroups, and average
weekly and annual hospital admission rates
put probabilities x 103)

for all subgroups combined (computer in-

Age groups
Subgroup
Under 15| 15-24 25-34 35-44 45-64 65+
years years years years years years
Male
locmmemcrc——e—ceee——————— 0.146 0.233 0.273 0.318 0.430 0.548
P L 0.146 0.233 0.273 0.318 0.430 0.548
K L L L L e L L R 0.146 0,233 0.273 0.318 0.430 0.548
0.146 0.233 0.273 0.318 0.430 0.548
0.219 0.233 0.273 0,318 0.430 0.822
0.439 0.350 0.409 0.477 0. 644 1.370
0.768 0.700 0.793 0.927 1.250 2,284
1.382 1,325 1,202 1,404 1.894 3.655
9 2.522 2,574 2.788 3.257 4,395 6.076
[ et 15,549 6.074 6.144 7.177 9.685 12,336
Average weekly rate for
all subgroups combined--- 1.1463 1.2188 1.2701 1.4832 2,0018 2,8735
Average annual rate for
all subgroups combined--- 59.608 63.378 66,045 77,126 | 104.094| 149,422
Female
0.187 0.327 0.344 0.422 0.332 0.375
Jeemcmca— e mmm—emm——— 0.187 0.327 0.344 0.422 0.332 0.375
0.187 0.327 0.344 0.422 0.332 0.375
0.187 0.327 0.344 0.422 0.332 0.375
0,187 0.327 0.344 0.633 0.499 0.563
0.280 0.327 0.516 1.055 0.890 1.005
0.560 0.491 1.238 1,759 1.531 1.729
1.060 1,325 2,475 2,814 2,564 2,895
2,061 3.435 5.054 4,678 4,452 5.025
4,904 11.354 13,709 9.497 10,102 11,404
Average weekly rate for
all subgroups combined-~- 0.9800 1.8567 2,4712 2,2124 2,1366 2,4121
Average annual rate for
all subgroups combined--- 50,960 96.548| 128,502 115,045 | 111,103 125,429
lthis rate was incorrectly computed, The error was not discovered until after the

computor runs,

The correct value is 6,227.

The expected annual rate for the computer

generated episodes would have been raised from 59.6 to 63.1 per 1,000 persons by use of

the correct value.

A slightly different model was used to gener-
ate the hospital histories of persons in their last
year of life, Prior to generating a random number
to determine if an individual would be hospital-
ized in the week of interest, the computer first
checked whether or not the individual had entered
his last year of life, If so, the computer changed

to a set of daily probabilities of being hospital-
ized which increased gradually as the day of death
approached. These probabilities were estimated
from data on hospital utilization during selected
time periods prior to death reported inthe Middle
Atlantic States study.! First, rough estimates of
admission rates per 1,000 deaths and number of



Table C. Estimated daily hospital admission probabilities for persons in their last
year of life as a function of time period to death
Daily Pﬁziogi dDaily
. s admissions . admission
Period prior to death per 1,000 ggsglggé probabil-
deaths p deaéhs ities
1 and 2 daySewsrcvemmmcccmcmancccc s ccca e, ———— 41.8 674.9 0.061935
2 and 3 dayS-revccccmcmcccccmcmcma e ccnn - 30.4 702.3 0.043286
3 and 4 daySererecmrecmccmcceccccc e nmcn e ————— 31.8 731.1 0.043496
4 and 5 days-===me=nm--- L ettt 18.8 746.9 0.025171
5 and 6 daySe—=wrrreccemeamcecncccmcemcccccnm e 23.1 767.0 0.030117
6 and 7 daySewemmmccmaccemeccccmcccsce e cm e ——————— 27.5 791.5 0.034744
1 and 2 weekS=rm-rmnmcmmcmnmnr e rr e e ———— 7.3 818.5 0.008919
2 and 3 weekS~-=mmmmmmmccncmcc e ccc e cmcm e n——— 6.2 845.9 0.007329
3 and 4 weekSemmmemmccam e 7.0 880.2 0.007953
1 and 2 monthS~=-wmmmcmcercecccceccmcmcccccncnm e~ 3.1 915.2 0.003387
2 and 3 monthS-r-emmccmacccceccccccc i cccmccne— e 2.6 949.3 0.002739
3 and 4 monthSer=mmeeccmcamccncmccmmcmc e 1.8 963.9 0.001867
4 and 5 monthSweememmeaccc o e e cmmccmccccccnncae 1.1 967.1 0.001137
5 and 6 months-eesececacccecccncmcccccrracccnca——aa 1.3 977.4 0.001330
6~12 monthsSe===mucmccmcmccceccmccmacccccecccmm——e 0.65 985.1 0.000660

lRatio of first to second column,

Table D, Probability of birth occurring
in a hospital, by age of mother, 15-44
years

Total Annual
annual births Prob~
births in hos-| abilit
$§§h25 per pital of de-y
1,000 per livery in
females, 1,000 | hospital
1960 females
15-24
yearse=ee 166.32 135,86 0.816859
25-34
yEearsmmm-— 152,86 145,79 0.953749
35-44
years—--- 36.60 31.40| 0.857923

persons per 1,000 deaths not in the hospital as a
function of the time period prior to death were
derived from changes (first differences)in the
nights of care rates and from the discharge rates,
The ratio of these two quantities provided there-
quired estimates of daily admission probabilities
as a function of days to death, These estimates,

shown in table C, were then plotted and the func-
tion smoothed graphically., The smoothed func-
tion provided 365 admission probabilities, one for
each day in the last year of life,

Except for deliveries, reasons for hospital-
ization were not assigned in the simulation pro-
gram. Females with delivery dates less than 31
days away from the day of interest were not ad-
mitted to hospital during this period, On the as-
signed delivery dates, the computer determined
on a random basis which deliveries were to oc-
cur in hospitals., The probability of a delivery
taking place in a hospital was estimated for three
age groups of mothers by dividing the number of
births in hospitals per 1,000 females® by the rate
for all births. These probabilities are shown in
table D,

The log-normal distribution

2
1 -Gnt—mree® o ®)

f(H)= ———
® @nl te

was fitted to the observed distribution of lenéth
of hospital stay (excluding deliveries) for each of



the 12 age-sex groups using unpublished Health
Interview Survey data for the period July 1958-
June 1960, The parameters, ¢ and o, in £ (¢)
were estimated from the equations

where ¥ and s? are the mean and variance of the
observed duration-of-stay distribution. The con-
ditional probabilities (P ) of discharge on day
t, given that the individual had been hospitalized
for the previous t—1 days, were thenestimated
from the fitted log-normal duration-of-stay dis-
tributions, The computer program limited length
of stay to a maximum of 100 days so that
was set equal to .999999,

Separate sets of discharge probabilities were
estimated for females 15-24, 25-34, and 35-44
years of age hospitalized for deliveries. The es-
timates were derived in the same manner asdis-
cussed above, using unpublished length-of-stay
data for deliveries obtained from the Health In-
terview Survey, July 1958-Junme 1960. Length of
stay was limited to a maximum of 21 days for fe-
males 15-24 years, 24 days for females 25-34
years, and 30 days for females 35-44 years.

Duration-of-stay distributions were mnot
available for persons in their last year of life.
However, average length-of-stay estimates by
sex in age classes under 45, 45-64, and 65 years
and over were obtained from the study of hospital
utilization by decedents in the Middle Atlantic
States,! The variances of the duration-of-stay
distributions for these age-sex classes were im-
puted by using the relationship observed between
s? and % for these distributions among persons
not in their last year of life. Thus, estimates of
the conditional discharge probabilities were de-
rived as above with length of stay limited to a
maximum of 100 days.

The estimates of the parameters p and o for
the log-normal fit of the duration-of-staydistri-
butions in each of the above cases are given in
table E.

The computer operations for generatinghos-
pifalization histories for persons nof in their last
year of life (Phase I) and for persons in their last

PlOOk
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year of life (Phase II) are given in detail in the
Appendix,

The basic computer program, with modifica-
tions as discussed below, was carried out for an
initial population of 10,000 individuals for 108
weeks or 756 days. This population was distrib-
uted by age and sex to representtheU,S, civilian,
noninstitutional population.

The initial population was given a dynamic
dimension by introducing births and deaths, The
births were distributed over a 2-year period ac-
cording to 1960 monthly birth rates and then as-
signed specific days within months at random, A
total of 237 births (121 maleand 116 female) were
assigned the first year and 240 (123 maleand 117
female) the second year. Coinciding with the birth
dates, deliveries were assigned to females in the
15-24, 25-34, and 35-44 years of age groups.

A simple three-digit code was usedtorecord
dates on the computer, with the first day of the
108~week period coded 00L. The first 26 days of
the hospital episodes simulation program were
utilized to establish the appropriate initial dis-
tribution of the populationover thestates H and
H;. This was necessary since all individuals
were in state H (i.e., not in hospital) on day 001,
An alternative procedure would have required
assignment of about 22 individuals to the hospital
states H; on day 001. Since the average length of
stay in short-term hospitals is approximately 8
days and less than 10 percent of the episodes
exceed 15 days, allowing the computer 26 days to
establish an equilibrium distribution over the
states H and H; is considered adequate. There
were no additions to the population from births
assigned prior to day 027, Hospitalization his-
tories for newborn infants were generated by the
computer only for the days following birth,

In order to introduce appropriate hospital
admission rates for individuals entering their
last year of life, death dates were assigned by
age and sex covering a 3-year period. A total
of 93 deaths were assigned in the first year, 94
in the second, and 89 in the third. As with the
birth dates, these were distributed first accord-
ing to 1960 monthly death rates and then were
assigned specific days within months at random.
The third year death dates were necessary since
individuals scheduled to die in that year enter
last year of life sometime during the second year.



Table E. Estimates of the parameters u and ¢ for log-normal distributions fitted to
duration-of-stay distributions, by sex and age
Persons not in their last year of life
Female
Age Male .
Deliveries Deliveries
excluded only
13 o 17 4 12 o
Under 15 years-===mmemsmccccsmcerccennacnmenax 1,22 1.12| 1,16] 1.15 e .
15-24 years-—e=ememmmmcccmcmcrmmccc e m e 1.51 1.10 1.19 1.01 1.32 0.47
25-34 years~m-m-mmommccscasrccanacneeernaa= 1,63 1.02 | 1.46] 0.94 | 1.33 0.53
35-44 yearSeemmmescscemmecceme e e 1.74| 1.00| 1.65]| 0,904 1.37 0.69
45-64 yearSememmmmmccccmcnmcccmememeee————e 2,08 0.93] 1.94| 0.91 e ces
65+ years-memmmcmmcmcmccccenmcccs e e 2,30 0.894 2.33| 0.85
Persons in their last year of life
Age Male Female
M o K o
Under 44 yearS-s-sememssmcccmcmcccnecorooeraa 2,21 0.90 1.96 0.93
4564 yearSewmmsmmmmmcsmccmcccocncccen e ————— 2.53 0.82 2.94 0.70
65+ yearsmmmmemmmmmsccoucsammncsmnc—eceean 2.64 0.80 2,36 0.84

A four-digit number was used to code the day of
death for -computer purposes; all individuals not
in their last year of life at the end of the second
year were assigned 9999 as their day of death.
No deaths were assigned prior to day 0027,

INTERVIEW SIMULATION MODEL

A relatively simple model was devised for
simulating the responses obtained in interviews
with individuals experiencing one or more hos-
pital episodes during the 12 months prior to the
date of interview, For each hospital episode, the
model simulates on a probability basis failure to
report the episode, reported length of stay (if the
episode is reported), and reported month of dis-
charge.

Underreporting of Hospital Episodes

The response error study by the Survey Re-
search Center, University of Michigan, reported
three major factors related to underreporting of
hospital episodes.? It was found that underreport-
ing increases with increasing time between dis-
charge and interview, decreases with increasing
length of stay, and increases for personally em-
barrassing or threatening types of illness. Only
the first two factors are included in the interview
simulation model. The Michigan study reported
percent underreporting by number of weeks be-
tween hospital discharge and interview for three
length-of-stay groups.? The Center also had pro-
duced, through internal analysis of reporteddata,
rough distributions of underreporting by number

1



Table F. Probability of failure to report
hospital episodes,by length of stay and
number of weeks between discharge and
interview, and average probability of
failure

Length of stay
Weeks between dis-
charge and

interview 1
day

2-4 5+
days days

Nondelivery episodes

1-4 weekSecmmemmcmana 0,07 0.04 0.01
5-8 weekseemmecana- 0.13] 0.05 0.02
9-12 weekS-wvcmumna 0.18( 0,06 0.04
13-16 weeksSewmmmuan 0.22| 0.07 0.05
17-20 weekSwmmmmon=a 0.24 0,08 0.06
21-24 weekS-cemcuaa 0.26 0.09 0.07
25-28 weekgemmmmean 0.28 0.11 0.08
29-32 weekSemmmuauaa 0.29| 0.14 0.09
33-36 weekS-cw=ccw- 0.30 0.18 0.09
37-40 weekSwmmmamea 0.30( 0.22 0,10
41 ~44 weekSewmmmna-a 0.31| 0.27 0.10
4548 weekSememacas 0.32| 0.33 0.11
49-52 weekSmmmmmme- 0.32] 0.39 0.46
53-56 WeekSwememmns 0.32! 0.39 0.46
57-60 weekSewmmmen= 0.32} 0.39 0.46
Average probabil-

ity of failure----|0,2571 0,187 0.147

Delivery episodes

1-4 weekS-wcmemacaaa 0.00 0.00 0.00
5-8 weekSemmmummna- 0.00 0.00 0.00
9-12 weekS—cmcanonax 0.01| 0.01 0.00
13-16 weekSmemcmeuu- 0.01 0.01 0.00
17-20 weekSemmmman= 0.02 0.02 0.01
21-24 weekSommmmmaa 0.02 0.02 0.01
25-28 weekS~mmmumu~ 0.03f 0.03 0.03
29-32 weekS-mmmmam- 0.03 0.03 0.03
33-36 weekSemmmmena 0.03f 0.03 0.03
37-40 weekSwecoeaan 0.04 0.04 0.04
41 =44 weekSemmmamaa 0.05 0.04 0.04
4548 weekSemmancn~ 0.05] 0.05 0.05
49-52 weekS-mmwmwm- 0.06f 0.05 0.05
5356 weekSemmemuun 0.07{ 0.06 0.06
57=60 weekSew=vmam= 0.07 0.06 0.06
Average probabil-

ity of failure----| 0.033| 0.030( 0.027

of weeks between discharge and interview for
four length-of-stay classes. After study of data
from these sources, smooth curves were fitted
for each of the length-of-stay groups, and esti-
mates of underreporting rates for hospital epi-
sodes as a function of the time interval between

12

discharge and interview (in 4-week periods)were
obtained for the model. The model treats report-
ing of each hospital episode as a random event
dependent on length of the recall period and length
of the hospital stay for the episode.

These estimated underreporting rates were
used for nondelivery episodes only. Since the data
upon which they were based included all episodes,
these estimates are slightly optimistic. The re-
sponse error study mentioned above found only
3 percent underreporting of deliveries, whereas

‘the average underreporting for all diagnoses was

10 percent. A separate set of underreporting rates,
averaging 3 percent, was constructed for delivery
episodes. These were also made dependent on
length of recall period and length ofhospital stay.

The estimated rates of underreporting of non-
delivery and delivery episodes were treated as
probabilities in the computer simulation. They
are shown in table F for 15 four-week periods
prior to interview, The last two intervals (53-56
weeks and 57-60 weeks) were included to allow
for overreporting of episodes occurring more than
12 months prior to interview. These were in-
cluded in the model by telescoping forward, again
on a probability basis as discussed below, epi-
sodes reported by the respondent with actual dis~
charge dates in the 14th or 15th 4-week periods
prior to interview, The same underreporting rates
were used for these latter two periods as were
estimated for weeks 49-52 (the 13th 4-week
period).

Length-of-Stay Response Errors

The Michigan study found the average length
of stay reported in household interviews to be
slightly greater than the average calculated from
hospital records.? One explanation given for this
is that underreporting is more likely for short-
stay episodes than for longer episodes, so that
the average of reported episodes has an upward
bias, Thus, it is quite possible that duration-of-
stay response errors are symmetrically distrib-
uted about zero. The model for interview sim-
ulation in this study made use of this hypothesis,
but also introduced a slight positive shift in the
mean of the distribution of reporting errors in
length of hospital stay,

The model approximates the distribution of
length-of-stay response errors by a normal or



Gaussian distribution with a mean error of zero
in an expected 95 percent of the responses and a
mean error of 2 days in the remaining 5 percent,
Thus, the overall distribution of errors is as-
sumed normal with mean equal to 0.05 x 2.0 or
0.1 day, Unit variance was assigned thesenormal
error distributions; this is considered a conserv-
ative value for this parameter.

A reported length of stay for a given episode
is generated in two steps according to this model,
First, a uniform random number between zero and
one is compared with 0,05, If it is less than 0.05,
2 days are added to the actual length of stay;
otherwise the actual length of stay is left un-
changed, Second, a random normal deviate is
generated and added to either the adjusted length
of stay or the actual length of stay, depending on
the previous comparison of the random number
with 0.05, The resulting length of stay in days is
accepted as the reported duration of stay,

Month—of-Discharge Response Errors

The first Michigan study found that for 82
percent of the episodes, the respondent correctly
reported the month of admission; about 11 percent
were reported 1 or more months later than shown
in the hospital records, and 7 percent were ear-
lier by 1 or more months.? The later study, com-
paring three alternative hospitalization survey
procedures, showed 14 percent reported the month
of discharge later, 9 percent earlier, and 77 per-
cent correctly, using the Health Interview Survey
procedure,? The month of discharge iscalculated
by use of the reported admission date and the
reported length of hospitalization. The evidence
in these two studies indicates a greater tendency
to telescope the hospital episode forward rather
than backward in time, although the shift is a
modest one. The bulk of the inaccurate reports
were plus or minus 1 month of the correct month.

The model adopted for simulation of response
errors leading to incorrect classification of the
month of discharge also approximates errors in
the date of admission by a normal distribution.
As with the length-of-stay response errors, this
distribution is a weighted combination of twonor-
mal distributions, the first with mean zero to apply
in an expected 95 percent of the episodes and the

second with a mean of 10 days applicable to the
remaining 5 percent. The overall error distri-
bution has mean equal to 0.05 x 10 or 0.5 days.
The variance assigned these distributions depend-
ed on the number of weeks between date of inter-
view and date of admission. This interval was di-
vided into 4-week periods and the assigned stand-
ard deviation was set equal to 0.4 times the num-
ber of 4-week periods in the interval, Thus, the
model permits larger errors in reported date of
admission with increasing length of recall peri-
od. As with the length-of-stay model, these pa-
rameters are considered conservative,

A reported month of discharge for a given
episode is generated in three steps. In the first
step a uniform random number between zero and
one is compared with 0.05. If it is less than 0.05,
10 days are added to the actual admission date;
otherwise the actual admission date is left un-
changed. In the second step, a random normal
deviate is generated and multiplied by a stand-
ard deviation ¢ depending on the number of weeks
between the interview date and the date of ad-
mission, This product is added to either the ad-
justed admission date or the actual admission
date, depending on the prior comparison of the
random number with 0.05. In the third step, the
reported length of stay is added to the adjusted
admission date obtained in step two to yield the
repérted discharge date and hence the reported
month of discharge.

Computer Simulation of Interviews

The output of each computer-generated hos-
pitalization includes the day admitted, whether the
episode was for a deliveryor not, and the day dis-
charged. The output also includes the age, sex,
and day of death for each individual experiencing
one or more episodes during the 108 weeks of
interest. These data make up the input for com-
puter simulation of interviews on a specified in-
terview date. The basic steps in the computer
program for this simulation are outlined below,

1. The death date for each individual is
compared with the interview date to
determine if the individual is alive and
hence eligible for interview. If the indi-
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vidual has died the computer proceeds
to the next individual,

If the individual is alive on the inter-
view date, the computer determines
whether the admission date for the first
episode occurred prior to the interview
date, If not, the next episode is examined,

If the admission date is earlier than the
interview date, the discharge date for the
episode is checked to determine if it is
a completed episode. Ifnot, the computer
records an incomplete episode and pro-
ceeds to the next episode.

If the episode is completed prior to the
interview date, the number of days be-
tween interview and discharge is com

puted to determine if discharge occurred
more than 420 days prior. If so, the com-
puter proceeds to the next episode.

If the episode is completed less than
420 days prior to the interview date, a
uniform random number is generated and
compared with the appropriate probabil-
ity of failure to report the episode (based
on the number of weeks between inter-
view and discharge dates, length of stay,
and reason for hospitalization as shown
in table F). Ifthe generated random num-
ber is less than this probability, the epi-
sode is recorded as nonrecalled and the
computer proceeds to the next episode,

If the episode is recalled, a second uni-
form random number is generated and
compared with 0,05, If itis lessthan0.05,
the computer adds 10 days to the actual
admission date and continues. If not, the
computer continues.

A random normal deviate is generated
and multiplied by the appropriate stand-
ard deviation ¢ (based on number of
weeks between interview and admission
dates). The resulting product is added
to the adjusted or actual admissiondate,
whichever is appropriate as per step (6),

to obtain the reported admission date of
the episode.

8. A third uniform random number is gener-
ated and compared with 0.05. If itis less
than 0.05, the computer adds 2 days to
the actual length of stay for the episode
and continues, If not, the computer con-
tinues,

9. A second random normal deviate is gen-
erated and added tothe adjusted or actual
length of stay, whichever is appropriate
as per step (8), to obtain the reported
length of stay.

10. The reported length of stay is added to
the reported admission date to deter-
mine the reported discharge date.

11, The interval between the interview date
and reported discharge date is compared
with 364 to determine if the episode is
reported with discharge date in the year
prior to interview, If so, the computer
records the appropriate output data for
the reported episode and proceeds to ob-
tain "interview data" for the next epi-
sode. If the reported discharge date is
more than 364 days prior to the inter-
view date, the computer proceeds to the
next episode,

This interview simulation program (Phase
III) was carried out for 13 interview dates 28 days
apart beginning with day 418. The hospitalization
histories for the 1,870 individuals with one or
more episodes generated by the hospital simula-
tion program (Phases Iand IT)over the 108-week
period provided the interview simulation input
data, The results of the simulation for each inter-
view date were tabulated by the computer and the
following tables printed out,

1. Number of nonrecalled discharges by sex
and age in each of 13 four-week periods
prior to the interview date.

2. Number of nonrecalled delivery dis-
charges for females by age in each of
the 13 four-week periods.



3. Number of incomplete episodes by sex,
age, and type of episode (i.e., nonde-
livery and delivery).

4. Number of reported discharges of 1-day
stays by sex and age for the 13 four-
week periods.

5. Number of reported discharges of 2-4-
day stays by sex and age for the 13 four-
week periods,

6. Number of reported discharges of 5-or-
more-day stays by sex and age for the
13 four-week periods,

7. Number of reported discharges by sex
and age for the 13 four-week periods.

8, Number of reported delivery discharges
for females by age for the 13 four-week
periods,

9, Number of reported hospital days as-
sociated with reported discharges in the
13 four-week periods by sex and age.

10. Number of persons by sex and age and
reported number of completed episodes
in the year prior to interview,

11, Number of persons by sex and age and
reported number of completed nonde-
livery episodes in the year prior to in-
terview,

12, Number of reported days in hospital in
each of 17 four-week periods prior to
interview for reported dischargesby sex
and age,

13. Number of reported days in hospital in
each of 17 four-week periods prior to
interview for reported delivery dis-
charges for females by age.

The computer print-out of these tables is
designated by the heading "interview reported."
The computer program also tabulated this same
set of tables using actual results for all episodes
with discharge in the year prior to interview ex-
perienced by the persons alive on the date of in-
terview, that is, with no response errors of any

kind. These tables are designated inthe computer
print-out by the heading 'perfect interview.'
Finally, the results for persons who died in the
year prior to the interview date were tabulated
by the computer and added to the "perfect inter-
view' tables., The computer print-out of these
tables is designated by the heading "all dis-
charges."

SIMULATION ESTIMATES OF ERRORS
IN HOSPITAL DISCHARGE DATA

The computer-generated data for the 13 in-
terview dates were averaged and estimates of
annual hospital discharge rates by age and sex
derived for the "interview reported,” "perfect
interview," and "all discharges' data tabulation
categories. Similar sets of estimates were also
derived for discharge rates excluding deliveries,
annual hospital days per 1,000 persons with and
without deliveries included, and average length
of stay, These estimates are given in tabies 1-5,
The population bases for these rate estimates are
given in table 6.

Estimates of the effects of interview re-
sponse errors (using data for the full 12 months
prior to interview) and of exclusion of persons
who died during the reference year on hospital
discharge data can be derived from tables 1-5.
For example, interview response errors are
estimated to reduce the amnual discharge rate
per 1,000 living persons by 106.0 - 94.0= 12,0 or
11.3 percent (table 1), In addition, exclusion of
persons who died during the reference year re-
duces the annual discharge rate by an estimated
additional 6.6 discharges per 1,000 persons
(112.6 - 106.0) or 5.9 percent, The overall annual
rate based on the interview procedure is esti-
mated to be less than the actual annual discharge
rate by 112.6 - 94.0 = 18.6 per 1,000 persons or
16.5 percent. Similar estimates of effects of pro-
cedural errors on hospital discharge data can be
determined from the tables for specific age-sex
groups. Although input parameters for this study
were based in part on empirical data, the specific
output estimates of underreporting should be con-
sidered illustrative rather than necessarily are-
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flection of the situation which prevails in the
Health Interview Survey.

Estimates of the percent underreporting of
hospital discharges by number of weeks between
discharge and interview for all discharges, de-
liveries only, and discharges excluding deliveries
were computed for 'interview reported" versus

perfect interview ! ''perfect interview' versus
"all discharges," and 'interview reported'' versus:
"all discharges." These estimates are given in
tables 7-9. A similar set of percentunderreport-
ing estimates was computed for hospital dis-
charges by recall period and actual length of stay
and are shown in tables 10-12,

V. RESULTS

EVALUATION OF
HOSPITAL EPISODES SIMULATION

Several aspects of the computer-generated
hospital episode data were examined in order to
evaluate the accuracy of the simulation. First,
the generated distributions of the persons ineach
of the 12 age-sex groups by number of annual
nondelivery episodes (perfect interview data) were
compared with the expected distributions. With
but minor exceptions, the computer simulation
program generated distributions of the number of
nondelivery episodes equivalent to the expected
negative binomial distributions.

It is noted that, except for females 35-44
years of age, the expected frequencies of two or
more episodes were higher than generated. This
tendency on the low side could be due to inade-
quate representation of the upper tail of the gam-
ma distribution of the weekly admission probabil-
ities (i.e., the X values). It is possible that this
aspect could be improved by subdividing the 10th
subgroup in order toinclude X values correspond-
ing, for example, to the 99th percentile. An alter-
native explanation of the observed deficiency of
persons with two or more episodes is that the uni-
form random number subroutine, used in the
computer program, failed to generate small ran-
dom numbers in close order proximity as fre-
quently as expected statistically.

The second aspect examined was a compari-
son of the generated annual discharge rates by
age and sex, excluding deliveries, with the ex-
pected rates (table G), The sampling errors in-
dicate that the differences in these rates are not
statistically significant. The annual discharge
rates generated by the computer for males and
females 65 years and older are greater than the
expected rates shown in table G since they in-
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clude persons in their last year of life who were
alive on the interview date (and hence subject tc
higher admission rates). The expected rates were
not adjusted for the higher admission probabil-
ities assigned to persons in their last year of life.

The Health Interview Survey annual discharge
rates, excluding deliveries, reportedfor the peri-
od July 1958-June 1960 are higher than the ex-
pected rates for the computer simulation since
the published rates are based ondata reported for
the most recent 6 months of the year prior tq in-
terview. On the other hand, the weekly admissjion
probabilities were derived from unpublished
Health Interview Survey data on the distribution
of the population by number of annualnondelivery
episodes based on reported experiences for the
12 months prior to interview.

The third aspect examined in evaluating the
computer simulation of hospitalization histories
was the distribution of persons in the hospital
on the interview date by age in comparison with
the unpublished Health Interview Survey distri-
bution for the Sunday prior tointerview. The data,
given in Table H, show the two distributions to
be in close agreement,

Fourth, the average length of stay in days by
sex and age for the computer episodes (perfect
interview data) are compared with the July 1958~
June 1960 Health Interview Survey results in table
J. Agreement, slightly better for females than
males, is fairly good. The sample size (episodes)
for males 15-24, 25-34, and 35-44 years of age,
is only about 30 for each of these age classes,
accounting in part for the variability observed in
their length-of-stay averages.

The distribution of the generated lengths of
stay has not been tabulated in detail. However,
the distribution for 1-day, 2-4-day, and S-or-
more-day stays is available from table 10. This
distribution is compared with the distribution



Table G.
per 1,000 persons per year, and
observed rate, by sex and age

Comparison of computer generated and expected number of nondelivery episodes
simulated population base and standard deviation of

Observed | Expected Simulated gzsggiign
Sex and age number! number popglatlon of observed
ase rate
Male
Under 15 yearSeseeecrmecmomcoamcmncammen 64,9 62.1 1,740 5.20
1524 yearSermrmermmmarmrecccecccsncnen——— 58.7 62,2 608 8.77
25=34 years-wmemaccemmacumcncsccnncnaan 54,0 64,5 613 8.87
35-44 years~rmemermmcesnmcccc e — e 68.5 75.1 641 9.44
45-64 yearSemmemmammememcoma e e 102,0 100.1 965 9.04
654 yearse-mmmeemcmascccnnmceecene - 168.1 142.0 345 18.11
Female
Under 15 yearsSee-eemeeemecmccmcmanacacans 51.5 50,2 1,675 4,70
15-24 years-eemecmcacmcacmcmoneca e 97.8 95.0 683 10,95
25=34 years-=cesemcacacmcaccccccncecaaa- 105.8 125.8 669 12,85
35-44 yearseem-memmsmmecememcccommoananoaoa 122.3 112.4 695 11,22
45-64 yearSesmmmmmmccmcnancanccnnnammen 105.0 97.4 1,043 8.63
65 MR R 135,2 119.3 429 14,92

1The observed rates are inflated slightly by the experience of personsin their last

year of life,

Table H. Number and percent distribution

These persons are not included in the expected number.

of persons in hospital on day of interview,
by age: computer simulation! versus Health Interview Survey

Computer simulation Health Interview Survey
Age
Numb Percent Number in Percent
umber distribution thousands distribution
All ages~~=w-ceccccoaao- 344 100.0 367 100.0
Under 15 yearsesmemamccccecaaaa- 43 12,5 48 13,1
15-24 years—wwmememamcconmneon—n 37 10.8 42 11.4
25-34 years-mmumecmnumcennnm——— 40 11.6 43 11.7
35-44 years--emmccmmcccccacaa- 42 12,2 54 14,7
4564 yeargmmmmmmmmucmmncae———" 110 32.0 106 28.9
65+ yearSewcmemmemcccccnnnaman- 72 20.9 74 20.2

ﬁTotal of incomplete episodes

for 13 interview dates.

“Average number of persons in short-stay hospitals last Sunday night, United States,

July 1959-June 1960,
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Table J.
stay in days, by

Comparison of average length of

sex and age: computer
gengrated1 versus Health Interview Sur-

vey? |
Health
Computer

Sex and age Interview

8 generated Survey

Length of stay in

Male days
All ages----~ 10.1 10,5
Under 15 years----- 6.0 6.1
15-24 years-—---wwem 9.6 8.2
25-34 years-eec-cem~ 10.7 9.3
35-44 years-mmecvw=- 8.4 11.8
45-64 yearg-smmmn~-= 13.3 12,2
65+ years--mmeemmn- 13.7 15.9
Female

All ageS~=m== 6.9 7.2
Under 15 years~=--« 5,6 5.8
15-24 years—-=eme-- 4,4 4.5
2534 years~emmemmmm- 4.6 5,2
35-44 years-—emmmem= 6.6 6.7
45-64 years~mmmmman 10.9 11.4
65+ years-=smre=mu- 15,4 14,0

lperfect interview data; average of 13

interview dates.

?See table 1, p. 14, in reference 8.

of discharge rates for these same length-of-stay
groups as derived from unpublished July 1958-
June 1960 Health Interview Survey data in table
K. Agreement is quite good.

It seems clear from the above analysis that
the hospital episodes simulation model and com-
puter program are quite satisfactory. Further
improvements, one of which has already been
mentioned, are possible, It would be desirable
that the various hospitalization statistics within
age-sex groups generated by the computer have
greater reliability than can be obtained with a
population run of 10,000, The computer program
should also be revised to permit individuals to
shift over time from their initial age group to the
next higher age group. This is particularly im-
portant for the two older age groups, as will be
made clear from results discussed in later sec-
tions. For example, under the present program
when 2-year histories are generated, the number
of persons 65 years and older for the second year
is reduced significantly due to deaths during the
first year, The asgignment of reasons for hospital-
ization within age-sex groups can be added to the
computer program with relatively little difficulry.
Length-of-stay distributions for each reason or
condition would be more realistic if this change
were made in the program.

Table K. Comparison of length-of-stay distributions: computer generated discharges!
versus Health Interview Survey discharges
Computer generated | Health Interview
discharges Survey discharges
Length of stay

Percent | Rate per | Percent

Number |